Parent-child coregulation is thought to be an important precursor for children's developing self-regulation, but we know little about how individual parent factors shape parent-child physiological coregulation. We examined whether maternal baseline respiratory sinus arrhythmia (RSA), teaching, and disengagement were associated with stronger or weaker coregulation of RSA between mothers and their 3-year-old children (N = 47), modeled across 18 min of observed dyadic interaction using multilevel coupled autoregressive models. Whereas greater maternal teaching was associated with stronger coregulation in mother and child RSA over time, maternal disengagement was related to weaker coregulation, specifically more divergent parent and child RSA at higher levels of maternal disengagement. Coregulation of motherchild RSA was also weaker when mothers' baseline RSA was higher. Findings contribute to the emerging knowledge base on real-time patterns of parent-child physiological coregulation in early childhood and suggest that mothers' physiology and behavioral engagement with the child play an important role in mother-child physiological coregulation patterns.
| INTRODUCTION
Self-regulation in early childhood is both a critical marker of adaptive functioning and a precursor for later competencies, including cognitive proficiency, social functioning, and academic success (Diamond & Aspinwall, 2003) . Young children rely heavily on scaffolding processes from mutually regulating interactions with caregivers in order to regulate themselves (Tronick, 1989) . These mutually regulating interactions provide support for neurobiological development during a child's first few years of life, particularly with regard to social and emotional functioning (Siegel, 2001 ). The parent-child relationship is an especially important context through which children learn to regulate their physiological arousal, emotions, and behaviors early in life (Calkins, 2011) .
One critical mechanism supporting child regulatory development is parent-child coregulation, the active organization and coordination of parents' and children's behaviors, emotions, and physiological states over time (Lunkenheimer, Kemp, Lucas-Thompson, Cole, & Albrecht, 2017) . Patterns of coregulation may be as important as the content and quality of interactions in promoting child outcomes. Interaction patterns that unfold over a matter of minutes may have an impact on children's longer-term development (Sameroff & MacKenzie, 2003) . For example, when there is greater synchrony in parents' and children's emotional, behavioral, and physiological states (i.e., they co-occur in real time), it predicts higher levels of children's selfregulatory abilities (Calkins, 2011; Feldman, 2012) . In addition, greater matching of positive affect between parents and preschool-aged children has been shown to contribute to the reduction of children's dysregulated behavior problems over time, above and beyond children's positive affect alone (Lunkenheimer, Olson, Hollenstein, Sameroff, & Winter, 2011) .
Considering the importance of parent-child coregulation for children's developing self-regulation, it is important to study the proximal factors that shape this dyadic coregulatory process, including parents' concurrent physiological and behavioral responses. Parents' own interest, engagement, and self-regulatory abilities shape the nature of daily interactions with their children (Feldman & Eidelman, 2007) . Parents' social engagement during challenging interactions with their children is supported by their own physiological self-regulation via the parasympathetic nervous system (Porges, 2003) . The current study builds on this literature by examining the associations between maternal physiology and behavioral engagement and physiological coregulation dynamics between mothers and their 3½-year-old children in real time (i.e., second-by-second) throughout 18 min of observed dyadic tasks in the laboratory.
| Respiratory sinus arrhythmia
Self-regulation and coregulation can be assessed by examining underlying physiological processes, in addition to behavioral and emotional processes (Porges, Doussard-Roosevelt, & Maita, 1994 ).
Much research on physiological self-regulation in childhood has focused on respiratory sinus arrhythmia (RSA), or the amount of variability in heart rate associated with the rate of respiration. RSA is largely determined by outflow from the vagal nerve, which is a part of the parasympathetic nervous system and connects the central nervous system to the heart, producing an inhibitory feedback loop that functions to slow heart rate during periods of rest (Berntson, Cacioppo, & Quigley, 1993; Thayer & Lane, 2000 , 2009 . A higher level of RSA during relatively low-stress periods, referred to as basal RSA, is thought to reflect effective attentional and emotional regulation, which in turn supports engagement in healthy social interactions (Beauchaine, 2001; Porges, 2007; Thayer & Lane, 2000) . Conversely, low basal RSA may reflect a lack of parasympathetic inhibitory control, which can lead to the dominance of a perpetually heightened emotional state, such as anxiety or worry (Thayer & Lane, 2000) .
Self-regulation has also been assessed by measuring change in RSA in response to heightened stress. When an individual experiences stress, vagal inhibitory control is reduced and heart rate accelerates, resulting in a decrease or withdrawal of RSA. In an adaptive physiological response, this decrease in parasympathetic activation is accompanied by a reciprocal increase in activity of the sympathetic nervous system (SNS), which may help to mobilize the individual in response to stress (Beauchaine, 2001) . Not all individuals show reciprocal action of the two autonomic branches, however, and may instead experience an increase or decrease in both systems (Berntson, Cacioppo, & Quigley, 1991) . Greater RSA withdrawal during challenging situations is argued to reflect more effective physiological regulation (Porges, Doussard-Roosevelt, Portales, & Greenspan, 1996) , particularly when coupled by an increase in SNS activation (Berntson et al., 1991) . Conversely, augmentation or maintenance of RSA levels in stressful situations may reflect less efficient regulation, or may be related to lower behavioral engagement or lower response to the emotional or cognitive demands of a social encounter (Porges, 2007 ).
| Parenting and RSA regulation
Prior research has shown that parents can provide support for children's developing physiological regulation systems through positive behavioral engagement and responsiveness, particularly during stressful interactions. Prior work has shown that young children show stronger RSA regulation (evidenced by a withdrawal of RSA) during collaborative challenging tasks involving parental support versus challenging tasks completed on their own (Calkins, Graziano, Berdan, Keane, & Degnan, 2008) . Moreover, highly sensitive and responsive mothers tend to have children who show better regulation in the form of greater RSA withdrawal during stressful tasks and an quicker return to basal RSA following stress (Conradt & Ablow, 2010) . For example, infants' RSA returned to a higher basal level when mothers displayed behaviors that demonstrated sensitivity, or the ability to efficiently adapt their behavior to infants' needs, during the reunion phase of the Still Face Paradigm (a task designed to be mildly distressing to infants; Conradt & Ablow, 2010) . In contrast, low warmth and negative parenting are associated with children's lower basal RSA (Feldman & Eidelman, 2007) and lower RSA withdrawal during challenge Calkins, Smith, Gill, & Johnson, 1998) .
Positive parenting behavior may be supported by parents' own physiological regulation, as reflected by basal RSA and RSA withdrawal during stressful interactions. Lower levels of RSA withdrawal in parents has been linked with fewer positive engagement behaviors with children. Specifically, less maternal RSA withdrawal in response to infant distress during the Still Face Paradigm is associated with maternal depressive symptoms (Oppenheimer, Measelle, Laurent, & Ablow, 2013) and insecure attachment (Hill-Soderlund et al., 2008) , which may reflect less personal distress or less engagement in active coping during stressful encounters with their children (Porges, 2007) .
Mothers with elevated physiological stress response (measured via cortisol and galvanic skin conductance) but less RSA withdrawal to stress are more likely to engage in intrusive or disengaged parenting. suggests that parents showing less optimal RSA regulation during stressful interactions may engage in fewer positive engagement behaviors with their children.
| Parent-child physiological coregulation
Synchrony, or time-dependent concordance, in parents' and children's behavior and physiology is one type of coregulatory pattern that develops across early infancy (Feldman, 2007) . Over time, mothers and children become sensitized to one another's behavioral and physiological cues, enabling greater coordination of dyadic states (Feldman, 2012) . Emergent research suggests that physiological coordination between parents and children is typical in other developmental periods as well (Lunkenheimer et al., 2015) . For example, mothers' and children's thermal signatures, a measure of autonomic function, tend to be synchronous while mothers watch their children perform emotionally challenging tasks, such as the "mishap task" where children are made to believe that they broke a toy during an experimental session (Ebisch et al., 2012; Manini et al., 2013) . Physiological synchrony has also been linked to greater behavioral coordination; for example, mothers and infants show greater heart rate coordination during periods of behavioral synchrony, such as gaze sharing, during face-to-face interactions (Feldman, Magori-Cohen, Galili, Singer, & Louzoun, 2011) . Further, when there is less behavioral and emotional synchrony in parent-infant interactions, infants' basal RSA tends to be lower (Feldman & Eidelman, 2007) . Although much of this research has been conducted in community samples, these patterns appear similar in higher-risk families: for example, parental maltreatment of children is associated with dyssynchrony in parent and child heart rate (Creaven, Skowron, Hughes, Howard, & Loken, 2014) . Creaven et al. (2014) monitored heart rate for mothers and their preschool-aged children for each 30-s epoch during a resting period. Mothers and children tended to match each other's heart rate over time in typical families, however, this pattern was reversed in mother-child dyads with a history of child maltreatment. Maternal depression and poor home environment have also predicted reductions in parent-infant behavioral and emotional synchrony (Feldman & Eidelman, 2007) .
Parental difficulties in regulating their own physiological responses may also disrupt parent-child coregulation. As an example, mothers with elevated heart rates showed less physiological synchrony with their children (Creaven et al., 2014) , whereas mothers demonstrating greater RSA withdrawal during a stressful interaction displayed greater behavioral synchrony with children (Giuliano, Skowron, & Berkman, 2015) . In summary, the extant literature suggests that individual parental factors, such as physiological responding and behavioral engagement, may be important in supporting synchrony in parent-child physiological coregulation.
However, this hypothesis has not been sufficiently examined in the preschool years, which is a crucial developmental period for the internalization of children's self-regulation skills via repeated parentchild interactions.
| Parental engagement in early childhood
As children enter the preschool years, parental engagement continues to be important, but it may take different forms as children's developmental needs change. As children develop greater selfregulation skills, the type of support they require from parents shifts from actions such as joint attention to incorporating more autonomysupportive behavior, such as teaching (Grolnick, Deci, & Ryan, 1997 ).
Children's increasing behavioral regulation over the course of the preschool years predicts a decline in parents' use of simple directives and an increase in teaching (Landry, Smith, Swank, & Miller-Loncar, 2000) . Parent teaching has been shown to provide support for children's autonomy, whereas directives appear to be negatively related to autonomy development after the age of 3 years (Eisenberg et al., 2010) . Although parents' RSA responses to stress have been linked to their engagement with infants (e.g., Mills-Koonce et al., 2009), no research has yet examined whether teaching as a form of developmentally appropriate and positive parental engagement is similarly associated with RSA coregulation between parents and preschoolers. Thus, the current study investigated the association between parent-child physiological coregulation and maternal teaching as a measure of parents' behavioral engagement with their 3-to 4-year-old children.
| Present study
Early parent-child dyadic coregulation of physiology and behavior plays a crucial role in supporting children's emergent regulatory skills, and parents' behavioral and physiological states appear to shape these dyadic processes. However, we have more to learn about these relations in the preschool years when children's self-regulation skills are rapidly developing in the context of parental support. In the present study, we were particularly interested in maternal teaching as an indicator of positive engagement with the child during laboratory tasks, and maternal disengagement as an indicator of low engagement with the child during laboratory tasks. Thus, we examined whether maternal teaching, maternal disengagement, and maternal baseline RSA (measured across the baseline condition of a teaching task) were associated with stronger or weaker coregulation (time-dependent synchrony) in RSA between mothers and their preschool-aged children. Generally, we expected that higher levels of maternal teaching would be associated with stronger coregulation and higher levels of maternal disengagement would be associated with weaker coregulation. Given prior mixed findings regarding maternal basal RSA (Bornstein & Suess, 2000; Creaven et al., 2014) , we did not make specific hypotheses about whether higher maternal baseline RSA during a teaching task would be associated with stronger or weaker RSA coregulation. Patterns of RSA coregulation were modeled in real time over the course of 18 min (thirty-six 30-s epochs) of observed mother-child dyadic interactions in the laboratory using multilevel coupled autoregressive models.
Coupled time series analyses have the advantage of quantifying the coordination of physiological states as it changes over time, better capturing the dyadic coregulation construct. For example, Gottman, Swanson, and Swanson (2002) utilized coupled autoregressive time series models to determine that an individual's behavior can be predicted as a function of both their prior behavior and the behavior of their spouse. In prior work, we used a similar strategy to examine coregulation in parent and child RSA across time (Lunkenheimer et al., 2015) . These models provided a measure of the influence of parents' concurrent RSA on child RSA, and vice versa, controlling for each individual's own intraindividual variability in RSA. We found that parent RSA at a given time point positively predicted their child's concurrent RSA, and vice versa, but that this synchronous coregulation was disrupted at higher levels of children's behavioral dysregulation.
Given the utility of such analyses in elucidating associations between individual factors and coregulatory dynamics, we employed multilevel coupled autoregressive modeling to assess parent-child physiological states as they changed moment-to-moment and examined how patterns of coordination were related to differences in maternal RSA and behavioral engagement.
| METHODS

| Participants
The current sample was derived from a larger sample of 100 mother-child dyads participating in a study examining behavioral, emotional, and physiological regulation in parent-child interactions. Families were recruited through local preschools and businesses and through email listservs of agencies serving families with young children. Dyads were excluded from the study if mothers could not speak and/or write in English, if the child had developmental delays, or if the mother or child had a heart condition that would interfere with the collection of heart rate data. Participants self-identified as 86% White, 8% Biracial, 3% Asian, and 3% "other" race; 10% were of Hispanic or Latino ethnicity. Median annual family income was $65,000 and the average level of education attained by parents was a college degree. Mothers reported their marital status as 79% married, 7% cohabitating, 7% single, 5% separated or divorced, and 1% remarried. Ninety-two percent of mothers reported that they cared for their child more than half of the time, indicating that they would be considered the child's primary caregiver.
Due to wireless interference with physiological data collection equipment, only 47 dyads from the total sample of 100 had complete dyadic RSA data across all interaction tasks and were therefore retained as the final sample for the current investigation. Families with complete RSA data differed from the larger sample in that they had higher annual income, t = 2.32, p < .05, and their children were older, t = −2.16, p < .05. However, families in the subsample did not differ on duration of maternal teaching, t = −.085, n.s., or maternal disengagement, t = −1.01, n.s.
| Procedure
Mothers and children came to the laboratory for a 2½-hr session where they participated in dyadic interaction tasks; mothers also filled out surveys and children also participated in individual self-regulation tasks.
Heart rate and respiratory data for mothers and children were collected throughout the dyadic interaction tasks. Given that RSA fluctuates in reliable patterns throughout the day (e.g., relatively low during the daytime hours and increasing steadily overnight; van Eekelen, Houtveen, & Kerkhoff, 2004) , all laboratory sessions were scheduled in the mornings, beginning between 8:00 and 10:00 AM. All tasks were videotaped with the mother's consent. Participants were compensated $50 for their laboratory session. This study was approved by the Institutional Review Board at Colorado State University, protocol #09-776H.
| Dyadic interaction tasks
Mothers and children completed three dyadic interaction tasks for a total of 18 min. First, mothers and children were engaged in an unstructured free play task for seven minutes. Next, mothers and children engaged in a clean-up task for four minutes. Finally, mothers and children engaged in the Parent Child Challenge Task (PCCT; Lunkenheimer et al., 2017) , a teaching task designed to prompt the parent to guide the child verbally to complete a 3D puzzle in order for the child to win a prize. In the baseline phase, mother and child were given 4 min to work together on the puzzle. In the challenge phase, the experimenter returned to the room and informed the mother that they had 2 min to finish the task. All children were given the prize whether or not they completed the puzzles.
| Measures
| Respiratory sinus arrhythmia
Electrocardiogram (ECG) data were collected from mothers and children using three electrodes placed at the right clavicle, below the left ribcage (recording electrodes), and below the right ribcage (grounding electrode).
Respiration was measured using a crystal respiratory belt. ECG and respiratory data were collected using handheld computers that were carried by the participants in backpacks and connected wirelessly to a desktop computer in the observation room. Interbeat interval data were processed and cleaned offline by a trained research assistant using Mindware Heart Rate Variability 3.0.13 software (Mindware Technologies, Gahanna, OH).
Epochs requiring more than 10% editing due to artifact were dropped from the analysis. RSA magnitude was calculated as the natural logarithm of the variance of heart period within the frequency related to respiration (0.24- | 891 only 47 families out of 100 in the larger study had complete and valid RSA data for all dyadic tasks. Maternal baseline RSA was measured as the mean mother RSA across the baseline phase of the PCCT, which was prior to implementing the time constraint stressor and thus represented a relatively low-stress period of dyadic interaction.
| Maternal teaching and behavioral disengagement
Maternal behavior during the dyadic interaction tasks was coded offline by trained graduate and undergraduate research assistants according to a coding system for dyadic parent-child interaction (Lunkenheimer, 2009) using Noldus Observer XT software 8.0. Maternal behavior was coded continuously as: proactive structure-effortful attempts to prompt or scaffold desired behavior in the child; positive reinforcement-verbal expressions of reward or praise of the child; emotional support-verbal and nonverbal expressions of endearment or empathy for the child; teachingasking questions or offering an explanation about how something works or instruction about a game or task; directive-clear and firm commands for behavior change; engagement-watching the child or interacting with the child socially; disengagement-lack of interaction with child, including ignoring child's bids for attention; intrusion-taking over the child's play or task-related behavior; or negative discipline-using criticism or threats to coerce the child to engage in desired behavior. All behaviors were mutually exclusive, meaning that only one behavior was coded at a time and could not overlap.
Maternal teaching was selected as an index of active maternal engagement with the child because mothers were specifically asked to guide their child in a teaching task. In addition, maternal disengagement was selected to reflect poorer or lower levels of social engagement with the child during a task in which mothers were expressly asked to guide their children. Each of these behavioral variables was measured as the total duration in minutes that a mother exhibited the behavior throughout the full 18 min of dyadic parent-child interaction tasks.
| Data analytic plan
Mother and child coregulation of RSA and prediction of coregulation by each of the three separate maternal factors (baseline RSA, teaching, and disengagement) were estimated using multilevel coupled autoregressive models fit in Mplus version 7.2 (Muthén & Muthén, 1998 . These time series models were applied to 36 30-s epochs of time each for mother and child. Thus, there were a total of 1,692 data points for mothers and for children in the present study. Statistical power is a function of both sample size and the number of repeated measures per person; accordingly, power to detect associations between variables was greater than if RSA data were averaged across the interaction (Maxwell & Delaney, 1990 ).
In the analysis of heart rate variability, the Society for Psychophysiological Research (Berntson et al., 1997 ) recommends analyzing at least 10 cycles of the target frequency in order to account for short-term temporal fluctuations from signal to signal, which is common in biological signals. At the lowest frequency for adults (0.15 Hz, though some use 0.12 Hz), this equates to a minimum of 60 s of recording for RSA. However, to meet this criteria, it is not necessary that these 60 s be consecutive. Shorter epochs may be used if repeated measures are collected and analyzed as discrete trials or repeated time epochs within one trial using repeated measure analyses of variance, regression analyses, or time series analyses (Berntson, personal communication, April 19, 2017) . Thus, in the present study, as in prior work (Lunkenheimer et al., 2015) , we employed autoregressive analyses to model multiple cycles of RSA across time using repeated measures of 30-s epochs.
Two separate models were run for each maternal factor, one predicting mother RSA and one predicting child RSA, in order to determine the differential effects of maternal factors on coregulation for mothers and for children; this design allowed for testing the directionality of RSA coregulation effects from mother to child and from child to mother. The Level 1 within-dyad equations are displayed below.
þβ m;self3 mRSA i;tÀ3 þ β m;co cRSA i;t þ ϵ mi;t cRSA i;t ¼ μ ci þ β c;self1 cRSA i;tÀ1 þ β c;self2 cRSA i;tÀ2 þβ c;self3 cRSA i;tÀ3 þ β c;co mRSA i;t þ ϵ ci;t In these equations, mRSA i,t and cRSA i,t represent the ith mother's and ith child's RSA at epoch t, respectively. Overall mean RSA, denoted as μ mi for mothers and μ ci for children, was included in the models to account for the effects that individual differences in mean RSA across all tasks might have on coregulation. Fixed effects for mothers' and children's own prior RSA at three time lags, β m/c,self1 , β m/c,self2 , and β m/c, self1 , were included to account for intraindividual variability in each individual's own fluctuations in RSA over time. Finally, the effect of the partner's concurrent RSA, β m,co and β c,co, on mother or child RSA were estimated as a measure of coregulation between mothers and children.
Next, we examined whether each of the three maternal factors (baseline RSA, teaching, and disengagement) predicted the coregulation of mother and child RSA. Each of the maternal factors was entered as a Level 2 between-subjects predictor in separate models. The set of Level 2 between-subjects equations for mothers' baseline RSA (α m ) predicting average fixed effects of mean maternal RSA (μ mi ), intraindividual variability in maternal RSA (β m , self1 , β m , self2 , and β m , self3 ), and the coregulatory influence of child RSA (β m , co ) on mother RSA are displayed below. Note that fixed effects denoted as β m/c in the Level 1 equations are denoted as γ m/c in the Level 2 equations.
The equivalent equations for mother baseline RSA (α c ) predicting average fixed effects of mean child RSA (μ ci ), intraindividual variability in child RSA (β c , self1 , β c , self2 , and β c , self3 ), and the coregulatory influence of mother RSA (β c , co ) on child RSA are displayed below.
Comparable Level 2 equations were used to examine the effects of maternal teaching and maternal disengagement on mother-child RSA coregulation in separate models. Altogether, three sets of multi-level coupled autoregressive models (six models total) were run in order to isolate the effect of each maternal factor on dyadic RSA coregulation for mothers and for children.
3 | RESULTS Maternal baseline RSA in the PCCT was positively correlated with mothers' mean RSA across all three dyadic interaction tasks, r = 0.93, p < .001, but was not related to children's mean RSA. There was a marginal negative association between maternal teaching and maternal disengagement such that when mothers used more teaching behaviors, they tended to be less disengaged, r = −0.28, p = .06. We examined the influence of SES, maternal education, and child age given that these factors may have influenced mothers' and children's experience with dyadic problem-solving in the PCCT; none of these variables were significantly correlated with our primary study variables of interest and thus are not reported. effects of coregulation on current RSA in both the mother and child models. Specifically, mothers' RSA had a significant positive effect on children's concurrent RSA, above and beyond the effects of children's own mean and intraindividual stability in RSA, and likewise, children's RSA had a significant positive effect on mothers' concurrent RSA, above and beyond the effects of mothers' own mean and intraindividual stability in RSA. These results indicated time-dependent positive coordination between mothers' and children's RSA on average.
| Preliminary analyses
With respect to the between-subjects effects of maternal baseline RSA, higher baseline RSA in mothers during the PCCT was associated with mothers' higher overall mean RSA across mother-child interaction. Conversely, higher maternal baseline RSA was associated with children's lower overall mean RSA across mother-child interaction.
With respect to coregulation, in the maternal model, a one-unit increase in mothers' baseline RSA was associated with a −0.07 decrease in the effect of child RSA on concurrent mother RSA. Thus, at higher levels of maternal baseline RSA, coordination between mothers' and children's RSA became weaker, and eventually divergent, as indicated by the estimated negative association between child RSA and mother RSA at a two-unit increase in mothers' baseline RSA (estimated effect of child coregulation = −0.03) or above. Maternal baseline RSA was not associated with intraindividual variability in RSA for either mother or child.
| Maternal teaching
Results for the multilevel coupled autoregressive models with maternal teaching as the between-subjects predictor are displayed in Table 2 . Similar to the prior model, both mothers and children demonstrated significant stability in RSA as well as time-varying dependence with one another on average, as indicated by significant intercepts for mean RSA, intraindividual variability in RSA, and RSA coregulation. With respect to the between-subjects effects of maternal teaching, mother and child had a significantly positive effect on one another's current RSA at higher levels of maternal teaching in both the mother and child models. In the mother model, the effect of child RSA on concurrent mother RSA was strengthened by an estimate of 0.05 for each additional minute that mothers spent using teaching behavior during the course of the interaction. Similarly, a one-minute increase in mothers' teaching behavior was associated with a 0.08 increase in the estimated positive effect of mother RSA on concurrent child RSA. Thus, a greater duration of maternal teaching predicted greater time-dependent coordination in mothers' and children's RSA.
Maternal teaching was not associated with intraindividual variability in mothers' or children's RSA or with the overall mean RSA for mother or child.
| Maternal disengagement
Results for the multilevel coupled autoregressive models with maternal disengagement as the between-subjects predictor are displayed in Table 3 . As in the prior two models, all intercepts were significant and positive for both the mother and child models, indicating significant intraindividual stability in RSA and significant mother-child coregulation of RSA for dyads on average. With respect to the between-subjects effects of maternal disengagement, in the mother model, greater maternal disengagement was associated with significant decreases in the effect of child RSA on mothers' current RSA, indicating weakened coregulation. Specifically, the effect of coregulation was reduced by −0.11 for every additional minute that mothers displayed behavioral disengagement during the course of the interaction, resulting in a negative association between child and mother RSA at higher levels of disengagement. In addition, there was a marginally significant association between maternal disengagement and mothers' overall mean RSA such that mothers who were more disengaged during the interaction had lower overall mean RSA.
With respect to the child model, greater maternal disengagement was related to decreases in children's RSA over the course of parentchild interaction; specifically children's RSA at a 30-s lag negatively predicted their current RSA. This decreasing child RSA may have reflected children's greater needs for physiological self-regulation when mothers were more disengaged from the interaction. Results for the effect of disengagement on coregulation in the child model followed a similar pattern as in the mother model, wherein the association between mothers' and children's RSA was weakened at higher levels of mother disengagement; however, this effect was only trending in the child model.
| DISCUSSION
Although we know that parenting and parental stress physiology play an important role in parent-child interaction patterns, we have considerably more to learn about how these factors relate to typical coregulation of physiology between parents and preschoolers. The purpose of the current study was to build upon this understanding through an examination of the coregulatory dynamics of parents' and children's RSA as they interacted with one another over the course of several common dyadic laboratory tasks. We examined the association between parent-child coregulation of RSA and maternal factors, including baseline RSA, behavioral engagement in the form of teaching, and behavioral disengagement. We found that whereas an increased duration of maternal teaching was related to greater time-dependent positive coregulation of mother-child RSA over time, increased maternal disengagement was associated with weaker and divergent (negative) coregulation. Heightened maternal baseline RSA was also related to divergent coregulation patterns in mother-child RSA over time. To our knowledge, this is the first study to explore such associations among parents and preschool-aged children, although prior research and theory suggest a role for parent-child coregulation as a potential mechanism through which parents influence children's developing self-regulation (Calkins, 2011; Lunkenheimer et al., 2011 Lunkenheimer et al., , 2015 . This work builds on prior research demonstrating that parents' physiological states underlie and support positive engagement with children (Ham & Tronick, 2006; Mills-Koonce et al., 2009 ), which in turn provides support for children's physiological and behavioral regulation (Conradt & Ablow, 2010; Moore et al., 2009 ).
In general, mothers and children showed dyadic synchrony in RSA throughout the course of the interaction. This finding held across models and corroborates prior research suggesting that synchrony or positive concordance in RSA is normative between parents and young children in typical families (Creaven et al., 2014; Lunkenheimer et al., 2015; Ruttle et al., 2011) . However, patterns of RSA coregulation also varied in relation to individual maternal factors, such as the level of engagement mothers exhibited with their children in an active teaching task, as well as their physiological state during the course of the interaction. These findings are in line with prior work that has demonstrated that synchrony in mothers' and children's physiological states varies with regard to maternal sensitivity to children's needs (Ruttle et al., 2011; Sethre-Hofstad et al., 2002) .
With regards to maternal teaching, coregulation in mothers' and children's RSA was greater when mothers spent more time using teaching behaviors with children, such as offering verbal instruction about the task or demonstrating how something worked. This finding was true of both the mother and child models and after accounting for intraindividual stability in RSA over time, indicating a robust effect.
This type of teaching behavior has been shown to support children's autonomy in early childhood (Eisenberg et al., 2010; Landry et al., 2000) . In the present study, teaching behavior, particularly in the context of a challenging dyadic task that required teaching by mothers, represented appropriate parental engagement that reflected responsiveness to children's needs. Prior research has shown that parental responsiveness to children's needs is related to improvements in RSA regulation during infancy (Conradt & Ablow, 2010; Moore et al., 2009 ).
Moreover, children are better able to regulate RSA when working with their parents versus working alone . The finding that increased behavioral engagement in the form of teaching is also related to parent-child RSA coregulation may point to a potential explanatory mechanism for the way in which parent engagement supports children's regulation of RSA in early childhood: taskappropriate teaching behavior may facilitate increased behavioral and emotional synchrony between parents and children, which in turn may promote physiological coregulation (Feldman, 2012) . Future studies relating behavioral and physiological coregulation patterns in parent-child interaction could help elucidate the mechanisms connecting parent engagement to the self-regulation and coregulation of parasympathetic processes.
Maternal disengagement encompassed behaviors such as the mother working alone and ignoring children's bids for attention.
Disengagement produced an opposite pattern from that of teaching and was associated with divergent coregulation patterns, in which mothers' and children's RSA were negatively associated at higher levels of disengagement. Specifically, the effect of children's RSA on mothers' RSA was reduced when maternal disengagement was higher.
This finding can be interpreted in light of theory that suggests that mothers and children develop synchrony in physiological states through engaging in mutually responsive behavioral exchanges (Feldman, 2012) . Parents who engage in either excessive involvement or under-involvement with children may limit opportunities for positive interactions, which in turn may impair coordination in physiological states (Feldman, 2012) . Additionally, greater maternal disengagement was associated with children's decreasing RSA over the course of the interaction, suggesting children's greater distress or need for self-regulation when mothers were disengaged. This finding supports prior work that suggests a link between lower parental involvement with children and children's RSA dysregulation (Feldman & Eidelman, 2007) .
In addition, higher maternal baseline RSA was associated with divergent coregulation patterns in mothers' and children's RSA, specifically reduced effects of child RSA on maternal RSA during the interaction. Higher levels of RSA during relatively low-stress periods is thought to reflect increased vagal control, which enables quick and flexible responding of attentional and behavioral systems, facilitating spontaneous engagement with the environment (Beauchaine, 2001; Porges, 2007; Thayer & Lane, 2000) . Based on Porges' Polyvagal Theory (Porges, 2007) , higher mean RSA could have reflected mothers' potential to engage with their children during dyadic interactions, therefore promoting physiological synchrony (Feldman, 2012) . However, in our case, baseline RSA was measured across the baseline phase of a teaching task, in which mothers were asked to guide children to build challenging puzzles. Although the baseline condition of this task constituted a relatively low-stress period compared to the challenge condition, it still required some effort from mothers. Thus, higher-thanaverage RSA in this context may have reflected a lack of RSA withdrawal in response to the cognitive and emotional challenge of assisting and teaching their children, which could have been related to a reduced regulatory response or effort on the part of mothers (Porges, 2007) . The fact that higher mother baseline RSA was also related to lower mean child RSA supports this explanation, in that lower child RSA could reflect that children were expending greater effort or experiencing greater distress during the interaction. In future studies, the incorporation of a separate baseline condition in which to measure resting RSA and the examination of repeated dyadic measures over time will help to clarify this association between parent baseline RSA and parent-child coregulation of RSA.
The use of multilevel coupled autoregressive models was a strength of the study in that this fine-grained analytic technique allowed for the examination of intraindividual fluctuations in RSA over time, as well as the coordination of mothers' and children's physiological states over time, which better captured the dynamic construct of coregulation. Much of the research on parent-child coregulatory patterns focuses on infancy, and there are relatively fewer investigations of how such patterns persist into early childhood and beyond. Thus, the present findings also contribute novel information that extends prior work on the relational contexts in which children's regulatory skills develop to the preschool years.
There were also certain limitations to our study. First, as associations were examined cross-sectionally we cannot determine whether maternal factors led to changes in RSA coregulation, or vice versa. In addition, the fact that mothers and children participated in only one laboratory assessment made it difficult to control for differences in transient behavioral state at the time of study (e.g., wakefulness, irritability, hunger) that may have contributed to variability in behavioral and physiological responses. Also, while multilevel coupled autoregressive models allowed for the detection of linear change in RSA over time, they could not capture nonlinear changes; future research should consider other methods that allow nonlinear or oscillatory patterns to be modeled. Further, the use of 30-s epochs may limit generalizability of our findings to studies based on 60-s epochs, which are more typical in the adult psychophysiology literature. Our sample consisted of relatively homogeneous families who were white, married, and college-educated on average and included only mother-child dyads. Thus, findings may not extend to other sociodemographic groups or to interactions between fathers and children. Prior research has shown that maternal engagement tends to adopt a social focus with an emphasis on the mother-child interaction, whereas paternal engagement typically involves a more triadic orientation with greater focus on the external environment, encouraging exploration (Feldman, 2007) . Future research could examine whether the unique quality and dynamics of paternal engagement have different impacts on parent-child physiological coregulation.
The period of early childhood is an important stage for the development of self-regulatory competence, however, children still rely on scaffolding from parents to reach important milestones of selfregulatory development (Diamond & Aspinwall, 2003) . Current findings suggest that mothers' behavioral engagement with children and baseline physiological state during parent-child interactions can impact the coregulation of RSA, which may serve as a mechanism through which parents support children's developing self-regulation . Although the present study focused on maternal factors, child factors have also been shown to relate to the coregulation of RSA between parent and child (Lunkenheimer et al., 2015) . Overall, more research is needed to understand the interrelations between individual and dyadic regulatory phenomena, and to learn whether physiological coregulation between parents and children is epiphenomenal or plays a mechanistic role in children's regulatory development. Regardless, the association between parental engagement and physiological coregulation with children established in the current study suggests that the developmentally-appropriate scaffolding of children not only directly supports their burgeoning autonomy but may also promote positive dyadic coregulatory processes.
